I.
CELLS AS THE BASIC LIVING UNIT OF THE BODY-The basic living unit of the body is the cell. ORGANS AND TISSUES ARE actually ASSEMBLIES OF MANY DIFFERENT CELLS. They are held together by supporting structures (tissue, bone, etc.) and work to provide a uniform or greater purpose. Each type of cell is specially adapted to perform its specific function. For instance, the red blood cells are specifically designed to carry oxygen from the lungs to the tissues in the body.
Even though cells may have difference, in some basic ways they are alike. For example:
a) Cells are built with cell walls, which is like a skin that separates the fluid inside the cell separate from the fluid outside the cell. These walls are not solid; they have pores which allow substances (like nutrients) to pass in and waste products to escape out.
b) Each cell requires nutrition (food) to stay alive; they use almost the same types of nutrients to sustain life; the methods of changing these nutrients into energy is the same; and, almost all cells have the ability to reproduce. c) Cells are automatons (they work automatically) that are capable of living, growing, and providing their special functions so long as the body provides the proper amounts of oxygen, glucose (sugar), electrolytes (electrically charged elements), amino acids, and fatty substances.
II. FLUID-Over half of the human body is fluid. There is the fluid which is inside the cells and that is called intracellular fluid; and, there is the fluid which is outside of the cells and that is called the extra cellular fluid.
Intracellular fluid is much the same from one cell to the other but is different from extra cellular fluid in that it contains larger amounts of minerals such as potassium, magnesium, and phosphate ions. Ions are particles that have an electronic charge to them; the charge may be positive (+) or negative (-).
Extra cellular fluid contains large amounts of sodium, chloride, and bicarbonate ions. In addition, the extra cellular fluid carries nutrients (oxygen, glucose, fatty acids, and amino acids) the cells and carries waste (carbon dioxide and excretory products) away from the cells. The extra cellular fluid is in constant motion throughout the body and in its motion into and out of the cells. Therefore, all cells live in essentially the same environment.
The chemical difference between the intracellular fluid and extra cellular fluid establishes a concentration and electronic charge difference which works to move nutrients into the cell, waste out, and in brain cells facilitates communications.
A group of cells may organize into tissue, which means they are connected and work together to perform a similar function. Tissues may be organized into an organ (Latin: organum, "instrument, or tool"). An organ is a group of tissues that perform a specific function or group of functions. Frequently the tissue is specific for that organ's function-heart muscle tissue is different from brain or liver tissue, for example.
III. THE MAJOR SYSTEMS-
The body has a number of systems of organs established to carry out the tasks essential to the functioning and survival of the body. For the most part, it is important for these systems to operate in harmony with each other. This harmony is sometimes called homeostasis. The term homeostasis is used by physiologists to mean the maintenance of steady, consistent conditions (usually referring to the body's internal environment). Essentially all the organs and tissues of the body function to help maintain homeostasis (a stable, internal condition). For example, the lungs provide new oxygen and eliminate old carbon dioxide at rates that are consistent with the body's needs.
A. The Fluid Transport System-Extra cellular fluid is transported to all parts of the body in two different stages:
The first stage is the movement of blood around the body via the circulatory system. Essential to this stage is the action of the heart. The heart is actually two separate pumps, one which propels blood through the lungs and the other which propels blood throughout the rest of the body (blood usually moves through the entire body system an average of once every minute when a person is at rest and 5 times each minute when the person is extremely active). Blood pumped through the lungs is essential to picking up oxygen for transport to other parts of the body.
The second stage involves the movement of blood in and out of the cells of the body. Blood and fluids going into cell areas, usually move from larger "pipes"-the veins and arteries-into smaller ones called capillaries. The materials that enter the cell is determined by a number of factors including the size of the material, the porosity (how big are the "doors into" the cell) of the cell membrane, the ionic charge (like how magnets are charged) of the material, and the electrolytic balance in the cell fluids.
B. The Respiratory System-Each time the blood passes through the body it also flows through the lungs where it picks up oxygen. Oxygen diffuses (passes) through the membranes of the lung and into the blood in the same way that water, nutrients, and waste products move to and from cells and the blood.
C. The Digestive System-The human digestive system is a complex series of organs and glands that processes food. In order to use the food we eat, our body has to break the food down into smaller molecules that it can process; it also has to excrete waste.
Most of the digestive organs (like the stomach and intestines) are tube-like and contain the food as it makes its way through the body. The digestive system is essentially a long, twisting tube that runs from the mouth to the anus, plus a few other organs (like the liver and pancreas) that produce or store digestive chemicals.
An important route for blood is through the walls of the gastrointestinal (GI) organs-especially the small intestine. Blood's job here is to pick up and transport the various dissolved nutrients, including carbohydrates, fatty acids, and amino acids for use by the body. Because not all substances absorbed from the gastrointestinal tract can be used in their
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The Digestive Process:
The Mouth (the start of the process):
The digestive process begins in the mouth. Food is partly broken down by the process of chewing and by the chemical action of salivary enzymes (these enzymes are produced by the salivary glands and break down starches into smaller molecules).
The esophagus (The way to the stomach): After being chewed and swallowed, the food enters the esophagus. The esophagus is a long tube that runs from the mouth to the stomach. It uses rhythmic, wave-like muscle movements (called peristalsis) to force food from the throat into the stomach. This muscle movement gives us the ability to eat or drink even when we're upside-down.
In the stomach -The stomach is a large, sack-like organ that churns the food and bathes it in a very strong acid (gastric acid).
Small intestine (finer processing area)-After being in the stomach, food enters the duodenum, the first part of the small intestine. It then enters the final part of the small intestine. In the small intestine, bile (produced in the liver and stored in the gall bladder), pancreatic enzymes, and other digestive enzymes produced by the inner wall of the small intestine help in the breakdown of food.
Large intestine (a final squeeze for nutrients)-After passing through the small intestine, food passes into the large intestine. In the large intestine, some of the water and electrolytes (chemicals like sodium) are removed from the food. Many bacteria like microbes in the large intestine help in the digestion process. Food then travels upward in the ascending colon. The food travels across the abdomen in the transverse colon, goes back down the other side of the body in the descending colon, and then through the sigmoid colon.
The end of the process -From the small intestine, food that has not been digested (and some water) travels to the large intestine through a valve that prevents food from returning to the small intestine. By the time food reaches the large intestine, the work of absorbing nutrients is nearly finished. The large intestine's main function is to remove water from the undigested matter and form solid waste that can be excreted.
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The liver (located under the ribcage in the right upper part of the abdomen), the gallbladder (hidden just below the liver), and the pancreas (beneath the stomach) are not part of the GI system, but these organs are still important for healthy digestion.
The pancreas produces enzymes that help digest proteins, fats, and carbohydrates. It also makes a substance that neutralizes stomach acid. The liver produces bile, which helps the body absorb fat. Bile is stored in the gallbladder until it is needed. These enzymes and bile travel through special channels (called ducts) directly into the small intestine, where they help to break down food.
The liver also plays a major role in the handling and processing of nutrients. These nutrients are carried to the liver in the blood from the small intestine.
D. The Musculoskeletal System-Getting the body to move to the right place at the right time is extremely important to survival. Without this system, the ability to get food and escape enemies would be greatly, if not fatally, hindered. Whereas the nervous system generally regulates "faster" activities of the body, the hormone system regulates mainly the slowly reacting metabolic functions.
The foundations of the endocrine system are the hormones and glands. As the body's chemical messengers, hormones transfer information and instructions from one set of cells to another. Although many different hormones circulate throughout the bloodstream, each one affects only the cells that are genetically programmed to receive and respond to its message. Hormone levels can be influenced by factors such as stress, infection, and changes in the balance of fluid and minerals in blood.
A gland is a group of cells that produces and secretes, or gives off, chemicals. A gland selects and removes materials from the blood, processes them, and secretes the finished chemical product for use somewhere in the body. Endocrine glands release more than 20 major hormones directly into the bloodstream where they can be transported to cells in other parts of the body.
F. The "Waste Removal" System-Some other systems like the respiratory and GI systems play key roles in the removal of waste from the body. At the same time that blood picks up oxygen in the lungs, carbon dioxide is released from the blood so it can be eliminated as breath (Carbon dioxide is the most common "end product" of metabolism).
A key organ in the waste removal system is the kidney (or kidneys, because we have two). Passage of blood through the kidneys removes most of the waste and excess water and electrolytes from the body. The kidneys perform their function by first filtering large quantities of plasma (part of the blood which contains high amounts of proteins)-substances that are needed by the body (glucose, amino acids, necessary water and electrolytes) are reabsorbed into the blood. The remaining elements pass through the renal (kidney) tubes into the urine. The Brain-The brain is involved in everything you do, how you think, how you feel, how you act, and how well you get along with other people. When your brain works right, you work right; when your brain doesn't work right, it is very hard to do your best. There are things which hurt our brains, such as injuries, pollution (such as taking drugs), poor nutrition, and excessive stress. Basic Organization of the Brain-In general terms, the brain can be separated into three main systems:
Old Brain-represented by the upper spinal chord to the hypothalamus. Primary functions include system arousal level, hormonal control of many basic body survival functions (digestion, breathing, temperature regulation, blood pressure), and a communications network.
Limbic System (middle-aged brain)-represented by areas that focus on pleasure-reward and emotions. This part of the brain is also important as an integrator of sensory information received to the body and a processor of that information, selecting what is important to pay attention to and take action toward.
Cortex (new-aged brain)-representing areas important in reasoning, higher level decision making, planning, organizing and sequencing behavior. All of these tasks are coordinated, controlled and regulated by an organ that is about the size of a small head of cauliflower From a top view, notice how the brain is divided into two halves, called hemispheres. Each hemisphere communicates with the other through the corpus callosum, a bundle of nerve fibers.

Brain Structures Cerebral Cortex
Functions:
The word "cortex" comes from the Latin word for "bark" (of a tree). This is because the cortex is a sheet of tissue that makes up the outer layer of the brain. The thickness of the cerebral cortex varies from 2 to 6 mm. The right and left sides of the cerebral cortex are connected by a thick band of nerve fibers called the "corpus callosum." In higher mammals such as humans, the cerebral cortex looks like it has many bumps and grooves. A bump or bulge on the cortex is called a gyrus (the plural of the word gyrus is "gyri") and a groove is called a sulcus (the plural of the word sulcus is "sulci"). Lower mammals, such as rats and mice, have very few gyri and sulci.
Cerebellum
The word "cerebellum" comes from the Latin word for "little brain." The cerebellum is located behind the brain stem. In some ways, the cerebellum is similar to the cerebral cortex: the cerebellum is divided into hemispheres and has a cortex that surrounds these hemispheres.
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Brain stem Functions:
• Breathing • Heart Rate • Blood Pressure The brain stem is a general term for the area of the brain between the thalamus and spinal cord. Structures within the brain stem include the medulla, pons, tectum, reticular formation and tegmentum. Some of these areas are responsible for the most basic functions of life such as breathing, heart rate and blood pressure.
Hypothalamus
The hypothalamus is composed of several different areas and is located at the base of the brain. Although it is the size of only a pea (about 1/300 of the total brain weight), the hypothalamus is responsible for some very important functions. One important function of the hypothalamus is the control of body temperature. The hypothalamus acts as a "thermostat" by sensing changes in body temperature and then sending signals to adjust the temperature. For example, if you are too hot, the hypothalamus detects this and then sends a signal to expand the capillaries in your skin. This causes blood to be cooled faster. The hypothalamus also controls the pituitary.
Thalamus
Functions:
• Sensory processing • Movement
The thalamus receives sensory information and relays this information to the cerebral cortex. The cerebral cortex also sends information to the thalamus which then transmits this information to other areas of the brain and spinal cord.
Limbic System
• Emotions
The limbic system (or the limbic areas) is a group of structures that includes the amygdala, the hippocampus, basal ganglia, ventral tegmental area, and cingulate. These areas are important for controlling the emotional response to a given situation. The hippocampus is also important for memory.
Fundamentals of the Body Systems
Hippocampus
The hippocampus is one part of the limbic system that is important for memory and learning.
Basal Ganglia
• Movement
The basal ganglia are a group of structures, including the globus pallidus, caudate nucleus, subthalamic nucleus, putamen and substantia nigra, that are important in coordinating movement.
Midbrain
The midbrain includes structures such as the superior and inferior colliculi and red nucleus. There are several other areas also in the midbrain.
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Here is where some of these Brain areas are located: The brain is "wired" with a network of structural neural connections. These connections are not "hard-wired" like in a computer. With some limits, the brains nerve cells (neurons) are able to flexibly change connectivity as the individual's activity demands. This neural flexibility is called plasticity. In much of the brain, the connections are made between neurons that connect the sensory inputs and motor outputs with centers in the various lobes of the cortex. There are also connections between these cortical centers and other parts of the brain.
II. Spinal Cord-The spinal cord is a primary pathway for sensory information
The spinal cord allows for sensory information than auditory or visual to flow from the body to the brain and for the responses from the brain to transmit back to the body. The spinal cord is also a primary pathway for the autonomic nervous system. The autonomic nervous system is that portion of the nervous system that controls visceral functions of the body. This system helps to control arterial pressure, gastrointestinal motility and secretion, urinary output, sweating, body temperature, and many other activities. The autonomic impulses are transmitted to the body through two major subdivisions called the sympathetic and parasympathetic systems.
Sympathetic-Sometimes called the "fight or flight" response, it is the readiness response of the body, mediated by a neurohormone (messenger) called acetylcholine (nerves that work with acetylcholine are called, cholinergic).
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Parsympathetic-Called the "feed or breed" response, it is the relaxation response of the body, mediated by the neurohormone called norepinephrine (nerves that work with norepinephrine are called, adrenergic).
Organizing and orchestrating many of the body's activities are literally thousands of control systems. Some of these control systems work to control intracellular functions; others operate within the organs to control functions of the individual parts of the organs; others operate throughout the entire body to control the interrelationships between different organs. Some examples include:
• The respiratory control system regulates the concentration of carbon dioxide in the extra cellular fluids and stimulates breathing; III. Nerve Cells-Part of the nervous system is in the brain. The basic unit of the nervous system is the nerve cell, or neuron. Neurons transmit information. Within the body, the nerves branch out like telephone wires from an exchange. They run to every part of the body, from the bottom of the feet to the top of the head and from just below the skin to the inner organs.
Neurons are found in the central nervous system, which includes your brain and spinal cord, and the peripheral nervous system, which includes all the nerves that reach your body's extremities. Neurons can be divided into three different categories:
• Sensory (or afferent) neurons carry messages to the brain and spinal cord.
• Motor (or efferent) neurons carry messages away from the brain and spinal cord. They tell muscles to contract or relax and to activate glands.
• Interneurons send messages between nerve cells within the brain, spinal cord, and the periphery.
Neuron Structure
Your brain is made of approximately 100-billion nerve cells, called neurons.
Neurons have the amazing ability to gather and transmit electrochemical signals --they are something like the gates and wires in a computer. Neurons vary greatly in size and shape. The longest neurons are those that extend down the leg as part of the sciatic nerve. The average nerve running from the base of the spine to the tip of a toe is about 3 feet long, but many other axons are only a fraction of an inch in length. Even though the sizes of neurons vary, all nerve cells have a similar structure.
Neurons have three basic parts:
• Cell body -This main part has all of the necessary components of the cell, such as the nucleus (contains DNA), endoplasmic reticulum and ribosomes (for building proteins) and mitochondria (for making energy). If the cell body dies, the neuron dies.
• Axon -This long, cable-like projection of the cell carries the electrochemical message (nerve impulse or action potential) along the length of the cell. Depending upon the type of neuron, axons can be covered with a thin layer of myelin, like an insulated electrical wire. Myelin is made of fat, and it helps to speed transmission of a nerve impulse down a long axon. Myelinated (fat coated) neurons are usually found in the peripheral nerves (they are sensory and motor neurons), while non-myelinated neurons are found in the brain and spinal cord.
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• Dendrites or nerve endings -These small, branch-like projections of the cell make connections to other cells and allow the neuron to talk with other cells or get information from the environment. Dendrites can be located on one or both ends of the cell.
Basic Neuron Types
Neurons come in many sizes. For example, a single sensory neuron from your fingertip has an axon that extends the length of your arm, while neurons within the brain may extend only a few millimeters. Neurons have different shapes depending on what they do. Motor neurons that control muscle contractions have a cell body on one end, a long axon in the middle and dendrites on the other end; sensory neurons have dendrites on both ends, connected by a long axon with a cell body in the middle.
